Abstract:
Introduction:
African arboviruses in the families Flaviviridae (West Nile Virus (WNV); Zika virus; Yellow Fever (YFV); Usutu virus); Togaviridae (Chikungunya virus) and bunyaviridae (Rift Valley fever (RVF) and Crimean Congo Haemorrhagic Fever (CCHF) were some of the major emerging and re-emerging zoonotic pathogens of the last decade [1, 2] .These viruses were largely unnoticed as diseases in Africa before they emerged internationally. Arboviruses often circulate between mosquito vectors and vertebrate hosts and spill over to sensitive species during climatic events where they may cause severe disease. One Health surveillance for syndromes associated with arboviruses in animals; screening of mosquito vectors and surveillance for human disease may help to identify less known zoonotic arboviruses and determine their potential to emerge internationally (Figure 1 ). This lead to identification of Shunivirus [3, 4] , Middelburgvirus [5] , Usutu [6] and Bagazavirus [7] in Africa and Europe raising questions on the potential of further zoonotic pathogens to emerge internationally. One Health Surveillance for arboviruses in Africa. Disease outbreaks in animals may act as an early warning system for arbovirus epidemics. RVF and WSLV are both associated with abortion and haemorrhagic manifestations in livestock [46•, 50] , while neurological infections in horses and other species may signal WNV outbreaks [51, 52] . Bird die-offs may indicate WNV [53] or Usutu infections [54] however, endemic birds appear to have genetic resistance to WNV [55] . Passive surveillance for neurological disease in horses and other animals in South Africa over 8 years facilitated the description of the epidemiology of WNV lineage 2 [26•] and several other neurotropic arboviruses with zoonotic potential including Shuni virus (SHUV) [3•] , Middelburgvirus, Sindbisvirus [5•] , and Wesselsbronvirus (unpublished). These viruses were also detected in several wildlife species with neurological signs. Investigation of serological evidence in humans and syndromic surveillance for febrile disease, arthralgia and neurological signs identified arboviruses in unsolved meningo-encephalitis cases [27•] . Collection and screening of arthropod vectors in areas where clinical cases are detected may help to describe the epidemiology of these pathogens. (a) Yellow fever, chikungunya and Zikavirus utilise non-human primates as natural host in a sylvatic cycle with endemic Aedes mosquitoes but may use humans as only host in an urban cycle with competent vectors. Emergence of Aedes aegypti and A. albopictus as a highly effective vectors have been associated with international spread of these viruses and sustained urban outbreaks.
Figure 2. Ecology of arboviruses. (b) West Nile virus (WNV), Usutu and Sindbis on the other hand is dependent on amplification by birds and ornithophilic culex mosquitoes with humans and certain sensitive animals being dead-end hosts [1, 8]. Rift Valley fever and Wesselsbronvirus (WSLBV) may utilise wildlife as reservoirs in an inter-epidemic maintenance cycle with several species of Aedes mosquitoes but may be amplified following climatic events and hatching of vertically infected mosquito eggs following outbreaks involving ruminants. Humans may become infected through handling of infected animal tissue or sometimes mosquito bites [15]. Several less well known arbovirus may cocirculate such as Shuni virus and Middelburgvirus. Culicoides and additional mosquito vectors may contribute to the amplification cycle in animals or act as bridging vectors between species.
disease in horses and other animals in South Africa suggest horses are highly sensitive to WNV lineage 2. Neurological infections with fatality rates of 30% occur annually in late summer and autumn in horses [25, 26] .Human cases also occur every year with large epidemics reporting in 1974 and 1981. Severe disease may be missed with ~3% of unsolved meningoencephalitis cases in hospitals in Pretoria identified as WNV [27] . Detection of WNV lineage 1 in ticks collected from wildlife in Kenya suggest a potential mechanism for spread of the virus through attachment to migratory birds [28] .The burden of disease due to WNV in humans and animals across Africa is likely underappreciated.
Wesselsbronvirus (WSLV) is associated with high mortalities in newborn lambs and kids, congenital malformation of the central nervous systems of the ovine foetus and hydrops amnii and abortion in ewes. Human cases are rare and mainly associated with non-fatal influenza-like illness [23] . A case of encephalitis was reported in an entomologist investigating an outbreak in South Africa [29] . The reservoir host is not known but recently isolations were made from black rats in Senegal [30] . The virus is thought to be transmitted by Aedes caballus juppi mosquitoes and is a differential diagnosis for Rift Valley fever [29] . WSLV antibodies has been detected throughout Africa although cases remain rare. Human cases of febrile disease were identified during a RVF outbreak in South Africa in 2011 [31] .
Other Flaviviruses:
Zikavirus has mainly been associated with mild infections in Africa since its discovery in Uganda in 1947. Primates are considered to be the natural host. The African lineage is postulated to cause less severe disease than the Asian strain that emerged in the Americas, since neurological infections and microcephaly have not been reported in Africa [32] . Recent serological and mosquito investigations demonstrated 6% seroprevalance in Senegal and Nigeria [33] and identified Zikavirus in 5/4313 febrile cases in Gabon as well as 2/137 Aedes albopictus pools [34] . The Asian strain has only been reported in travellers in a few countries following its international emergence but didn't establish locally (http://www.healthmap.org/zika/#timeline).
Bagaza virus was isolated in 1966 from mosquitoes in Bagaza, Central African Republic but also in domestic turkeys in South Africa in 1980 [35] . Emergence in birds in Europe [7] and serological evidence in encephalitis patients in India [36] raise questions on its disease association in Africa. Recent isolation from exotic European pheasants with neurological signs in 2016 and 2017 in South Africa suggest local circulation and that Bagaza virus should be considered in febrile cases in humans (unpublished data, M. Venter).
Usutu virus was first isolated in South Africa in 1959 and has in recent years emerge in birds across Europe. Only 2 human cases are known in history in Africa although it's been detected in mosquitoes across the continent [6] .
Banzi and Spondweni viruses [37] are considered rare with only a few cases reported historically mostly in laboratory workers [38] . Spondwenivirus neurological infection in travellers to West Africa raised concern about its potential to emerge internationally [39] . Vector competence studies suggested low susceptibility to Aedes eagypti, A. albopictus and Culex quinquefasciatus [40] .
ALPHAVIRUSES
A comprehensive review on Chikungunya virus in Africa describes the distribution throughout the continent and international emergence [41] . African green monkeys and baboons are thought to be the maintenance host in Africa however urban cycles may only involve humans and various Aedes spp. Expansion of Aedes eagypti and A. albopictus has been key in its international spread.
O'nyong-nyong is closely related to Chikungunya and has been associated with sporadic but large outbreaks in East Africa and Uganda involving 2 million people. An animal host has not yet been identified [42] .
Sindbisvirus often co-circulates with WNV between wild birds and Culex mosquitoes in South Africa ( Figure 2 ). Human infections are widespread in the Highveld of South Africa during late summer and mainly associated with rash, fever and arthralgia [43] . Recent investigation of febrile and neurological infections in horses in South Africa identified several Sindbis virus infections, in the brain of some horses including fatalities [5] .
Middelburgvirus was isolated in Middelburg in the Karoo in South Africa in Ae caballus following a Wesselsbronvirus outbreak [29] . It has since been detected in neurological cases in various species including horses [5] , cattle and several wildlife species as well as 2 human infections suggesting the virus has a wide host range (M Venter unpublished). Middelburg was also isolated from Culicoides which may amplify outbreaks in animals. Old World alphaviruses was previously thought to be mainly associated with fever, rash and arthralgia relative to the new-world alphaviruses [44] but Middelburgvirus appear to cause frequent neurological cases in horses in South Africa raising questions about its pathogenic potential in humans [5] although human cases appear to be rare.
BUNYAVIRIDAE:
The bunyaviridae family comprises >300 viruses that cluster into 4 genera: Bunyavirus genus (previously orthobunyavirus); Hantavirus-(not associated with arthropods); Phlebo-and Nairovirus genus as well as several unassigned viruses. The most common and important arboviruses present in Africa are listed in Table 1 and discussed.
Phlebovirus genus:
RVFV is associated with large outbreaks involving thousands of animal and human cases occurring at irregular intervals of 5-15 years or more [45] . RVF may cause necrotic hepatic and haemorrhagic signs in ruminants with abortions and heavy mortality in newborn lambs. It's thought to be maintained between epidemics in wildlife such as buffalo in endemic regions. Trans-ovarian transmission in maintenance vectors such as Aedes mcintoshi may re-establish epidemics following heavy rainfall and hatching of infected mosquito eggs while epidemic vectors such as Culex theileri may amplify the outbreak. Humans contract the virus through handling of infected animal tissue or abortions although infections through mosquito bites may occur. RVFV outbreaks periodically occur across Sub-Saharan Africa and emerged in 2001 in the Arabian Peninsula. RVFV has been reviewed extensively in the literature as it is of high concern for international emergence and may cause high fatality rates in animals and potentially severe infections in humans including haemorrhagic signs or encephalitis although most cases are mild [15, [45] [46] [47] .
Nairovirus genus:
Crimean Congo Haemorrhagic Fever (CCHF) was first described in the Belgian Congo (now Democratic Republic of the Congo) in 1956 but the name later combined when recognised as the same agent as Crimean haemorrhagic fever. The virus is mainly transmitted by Hyalomma ticks with a geographic range resembling that of the vector across Africa, the Middle East, Eastern Europe and Asia. Various small mammals such as hares may act as reservoirs or amplifying hosts and facilitate viral transmission to feeding ticks. Antibodies have been identified in various wildlife and livestock species although they do not develop clinical signs. Apart from ostriches all other birds appear to be refractory. Slaughtering of cattle, wildlife, ostriches as well as nosocomial transmission has been associated with outbreaks in Africa but transmission is mainly through contact with fresh blood or tick bites. Natural increase in pH of meat following slaughtering inactivates the virus [15] . The fatality rate in humans in South Africa is approximately 25%. Cases are sporadic with only 154 cases described since its identification in 1981, relative to the high number of cases following the emergence of CCHF in Turkey and Greece [16] .
Nairobi Sheep Disease is associated with fever, haemorrhagic manifestations and abortion in pregnant animals and high mortality in sheep and goats. It's transmitted by Amblyomma variegatum and Rhipicephalus appendicilatis ticks. Cases has been identified from Kenya to the Congo around the equator. Antibodies have been detected in several countries in East Africa to Botswana. Human infections were associated with febrile disease with arthralgia and malaise. Sero-prevalence is 20% in humans in endemic areas [15] .
Dugbe virus was isolated from ixodid ticks in Nigeria, the Central African Republic, Kenya and Ethiopia and from cattle blood in surveys as well as Aedine mosquitoes and Culicoides midges. A few febrile human infections and a case of mild meningitis was identified in Nigeria and the Central African republic where the virus was isolated from CSF [15, 16] .
Bunyavirus genus:
Most Bunyaviruses are transmitted by mosquitoes. Bunyamwera, the prototype strain is widespread across Africa based on mosquito isolations and serological surveys but few human cases have been reported and were mostly mild. It has been isolated from rodents but it's not clear if it affects other animals. Ngarivirus was isolated during a RFV outbreak in Kenya and appear to be a recombination between Bunyamwera-and Batai virus. An animal reservoir has not been identified but transmission through various human feeding Aedes and Anopheles mosquitoes raised concerns that it may become an important human pathogen [15] . Shunivirus was first identified in a cow and febrile child during a survey in Nigeria in the 1960's but has recently been isolated from several severe neurological cases in horses across South Africa [48] as well as several other species. Antibodies were detected in 5/123 (3.9%) of large animal veterinarians across South Africa suggesting human exposure occur [49] . It recently emergence in Israel where it was associated with birth defects in cattle and sheep [4] . Culex theileri has been implicated as the vector (Table 1) .
Conclusion:
Several African arboviruses are considered important emerging zoonoses internationally but remain neglected in Africa with little epidemiological data available to determine their importance in humans. Syndromic surveillance in humans and animals in Africa as well as vector studies may elucidate the importance and risk of the less well known viruses to emerge internationally and identify control options to prevent widespread epidemics. Disease outbreaks in animals may act as an early warning system for arbovirus epidemics. RVF and WSLV are both associated with abortion and haemorrhagic manifestations in livestock [46, 50] , while neurological infections in horses and other species may signal WNV outbreaks [51, 52] . Bird die-offs may indicate WNV [53] or Usutu infections [54] however, endemic birds appear to have genetic resistance to WNV [55] . Passive surveillance for neurological disease in horses and other animals in South Africa over 8 years facilitated the description of the epidemiology of WNV lineage 2 [26] and several other neurotropic arboviruses with zoonotic potential including Shunivirus (SHUV) [3] , Middelburgvirus, Sindbisvirus [5] , and Wesselsbronvirus (unpublished). These viruses were also detected in several wildlife species with neurological signs. Investigation of serological evidence in humans and syndromic surveillance for febrile disease, arthralgia and neurological signs identified arboviruses in unsolved meningo-encephalitis cases [27] . Collection and screening of arthropod vectors in areas where clinical cases are detected may help to describe the epidemiology of these pathogens.
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Highlights:
 African arboviruses have emerged as major public health problems in new regions in recent years.  Several less known arboviruses circulate in Africa in vectors, animals and humans that should be investigated for zoonotic potential.  The epidemiology of zoonotic arboviruses may be described by using a One Health approach of syndromic surveillance in humans and animals.
